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(57) Abstract 

Problem to Be Solved: to provide a steel cord that is, 
in rubber products reinforced with steel cord, capable of 
increasing the tensile stiffness of the rubber products 
without decreasing the durability thereof due to 
separation at the periphery of the cord; and particularly 
to provide both durability and drivability in pneumatic 
tires. 

Means for Solving the Problem: A steel cord, wherein 
a sheath comprising 1 to 4 steel filaments is wrapped 
around a core comprising 3 steel filaments; the core 
comprises 3 steel filaments configured so as to be 
aligned parallel to, and in a side-by-side arrangement 
with, each other. 
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CLAIMS 

1. A steel cord, wherein a sheath comprising 1 to 4 
steel filaments is wrapped around a core comprising 3 
steel filaments, which is a steel cord for reinforcing 
rubber products characterized in that said core 
comprises 3 steel filaments configured so as to be 
aligned parallel to, and in a side-by-side arrangement 
with, each other. 

2. The steel cord for reinforcing rubber products of 
claim 1, wherein at least 1 of the steel filaments which 
constitute the core is given a waved shape. 

3. A pneumatic tire having a carcass which extends 
as a toroid between a pair of beads, and provided with 
at least a 1-ply belt on the radial exterior of the tire 
[formed] by this carcass, which is a pneumatic tire 
wherein a steel cord, wherein a sheath comprising 1 to 
4 steel filaments is wrapped around a core comprising 3 
steel filaments aligned parallel to, and in a side-by-side 
arrangement with, each other, is used in a configuration, 
wherein the side-by-side direction of the steel filaments 
of the core is substantially aligned with the lateral 
direction of the belt 

4. The pneumatic tire of claim 3, wherein at least 1 of 
the filaments constituting the core is given a waved 
shape. 

DETAILED DESCRIPTION OF THE INVENTION 
0001 

Industrial Field of the Invention 

This invention relates to a steel cord used as a 
reinforcing material in rubber products, such as 
pneumatic tires and industrial belts, and to belts and 
pneumatic tires comprising this steel cord; in particular 
it is directed at improving the durability of rubber 
products. 

0002 

Prior Art 

It is known that in pneumatic tires, which are a classic 
example of rubber products, one cause of decreased 
durability is separation, wherein water penetrates the 
interior of the tire as far as the belt, etc. from the 
exterior of the tire by way of damage such as cuts, the 
belt cord corrodes, and expansion of the corroded area 
leads to a separation of the cord and the rubber. A 
structure, known as a rubber-penetrated structure, 
wherein the rubber fully penetrates the interior of the 
cord so that gaps between the filaments, whereby water 
can spread, do not form, is effective in avoiding this 
separation. This rubber-penetrated structure is 
achieved by strongly twisting cord so as to enlarge the 
gaps between the filaments allowing for impregnation 
by the rubber, for which single stranded cords having a 
1 x 3 or 1 x 5 structure are particularly suitable. 

0003 

Problems to Be Solved by the Invention 

However, since cords having a rubber-penetrated 
structure have large gaps between the filaments, they 
have a lower elasticity modulus than conventional cords 
which do not have these gaps; as a matter of course, 
belts which use cords having a rubber-penetrated 
structure also have inferior tensile stiffness, which is 
one cause of decreased tire drivability. Furthermore, 
while it is possible to maintain tensile stiffness by 
increasing the number of cords incorporated in the belt, 
this not only results in increased tire weight, but, as the 
space between adjacent cords in the belts is narrowed, 



this leads to rubber separation, known as belt edge 
separation, which starts at the edge of the cord at the 
lateral edge of the belt and readily spreads to adjacent 
cords. 
0004 

Thus, an object of the present invention is to provide 
a steel cord that is, in rubber products reinforced with 
steel cord, capable of increasing the tensile stiffness of 
the rubber products without decreasing the durability 
thereof due to separation at the periphery of the cord; it 
is particularly directed at providing both durability and 
drivability in pneumatic tires. 

0005 

Means for Solving the Problems 

The present invention is a steel cord wherein a 
sheath comprising 1 to 4 steel filaments is wrapped 
around a core comprising 3 steel filaments, and is a 
steel cord for reinforcing rubber products characterized 
in that the core comprises 3 steel filaments configured 
so as to be aligned parallel to, and in a side-by-side 
arrangement with, each other. 

0006 

Furthermore, this invention is a pneumatic tire having 
a carcass which extends as a toroid between a pair of 
beads, and provided with at least a 1-ply belt on the 
radial exterior of the tire [formed by] this carcass, which 
is a pneumatic tire, wherein a steel cord, wherein a 
sheath comprising 1 to 4 steel filaments is wrapped 
around a core comprising 3 steel filaments aligned 
parallel to, and in a side-by-side arrangement with, 
each other, is used in a configuration wherein the 
side-by-side direction of the steel filaments of the core 
is substantially aligned with the lateral direction of the 
belt Here, giving at least one of the filaments 
constituting the core a waved shape is particularly 
advantageous in terms of promoting penetration of the 
interior of the core by the rubber. 

0007 

Modes of Embodiment of the Invention 

Next, FIG. 1 to FIG. 3 illustrate a cross-section of the 
3 + 2 structure of a steel cord used in tire belts in 
accordance with this invention. In other words, the cord 
illustrated comprises a core 1, comprising three steel 
filaments 1a to 1c, around which a sheath 2, comprising 
two steel filaments 2a and 2b, indicated by shading, is 
wrapped; in particular, this is characterized in that the 3 
steel filaments which constitute the core 1 (hereinafter 
designated "core filaments"), 1a to 1c, are configured 
so as to be aligned parallel to, and in a side-by-side 
arrangement with, each other. Furthermore, the sheath 
filaments 2a and 2b, which constitute the sheath 2, are 
wrapped around the core 1, and therefore, it is a matter 
of course that the positioning of the sheath filaments 
with respect to the core is not limited to the example 
illustrated. 

0008 

Herein, the expression " side-by-side arrangement of 
the core filaments" refers to an arrangement, wherein, 
with respect to the cross-section of the core, the 
imaginary lines which join the axis of each filament, as 
shown by the double-dashed lined in FIG. 1, are 
substantially straight. Furthermore the expression 
"substantially straight" includes cases wherein the axes 
of each of the filaments are not [found] on the 
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same line, and in these cases, as shown by the 
double-dashed lines in FIG. 2 and FIG. 3, 
configurations are allowed, wherein the shape 
described by the aforementioned imaginary lines is an 
obtuse triangle. In other words, it is essential that 
substantially straight arrangements do not include 
filament configurations wherein the shape described by 
the imaginary lines is an acute triangle. 
0009 

Furthermore, it is not necessary that the core filament 
configuration be invariant along the length of a single 
cord, for example, the core filament configurations 
shown in FIG. 1 to FIG. 3 may be alternated or may be 
continuous along the length of a single cord. What is 
important here is that the relative positions of the 
filaments in the side-by-side direction are not 
interchangeable; in other words, the cord is such that 
the filaments therein extend parallel to each other and 
does not have a twisted structure. 

0010 

The cord is such that, due to the fact that the core 
filaments therein are arranged side-by-side, an enclose 
space surrounded by filaments is not formed; 
accordingly, since the rubber can easily penetrate 
between tne filaments, it is possible to avoid the belt 
edge separation described above. 

0011 

Thus, plies, wherein pluralities of cords, such as 
[those] illustrated in FIGS. 1 to 3, are aligned in parallel 
with each other and embedded in a rubber sheet, 
provide carcass reinforcement when used in tire belts, 
and therefore, in terms of the tire structures, for 
example, the tire structure shown in FIG. 4, which may 
conform to that of a conventional pneumatic tire, can be 
advantageously adapted. Furthermore, in this figure, 
reference numeral 3 is a bead core, 4 is a carcass 
which is wrapped around the bead core 3 from the 
inside of the tire to the outside, 5 is at least a 2-ply belt 
positioned on this carcass 4, and 6 is a tread positioned 
on the crown of this carcass 4. 

0012 

Here it is essential that, when the cord is used in the 
belt 5, the side-by-side direction of the core filaments be 
configured in alignment with the lateral direction of the 
belt. In other words, by positioning the side-by-side 
direction of the core filaments in alignment with the 
lateral direction of the belt, the major axis of the cord 
follows that of the lateral direction of the belt, and if the 
number [or cords] incorporated in a belt is the same, the 
cord gaps are narrower than with conventional cords 
having circular sections; consequently, the stiffness, in 
terms of in-plane bending deformation occurring along 
the belt plane, is increased and the tire drivability is 
improved. In other words, as the 3 core filaments are 
arranged side-by-side, and the core filaments are in 
side-by-side contact with each other, friction occurs 
between the filaments in response to lateral bending 
deformation of the cord, whereby the bending stiffness 
of the cord in the lateral direction is increased, and thus 
tire belts, wherein the side-by-side direction of this cord 
is substantially aligned with the lateral direction of the 
belt, have increased in-plane bending stiffness. 
Furthermore, as the inventive cord has higher in-plane 
bending stiffness than conventional cords, it is not 
necessary for the cord gap to be unduly narrow, as with 
conventional cords, and as an even cord gap is 
maintained, belt edge separation does not occur. 



0013 

Furthermore, [the reason] for which 3 filaments 
constitute the cord core is that, if this [number] is two or 
less, it is difficult to extend the core diameter laterally, 
and in order to increase the in-plane stiffness of the belt 
as described above, it is necessary to increase the 
number of cords which are incorporated, and 
consequently, the gap between adjacent cords is 
narrowed, which leads to belt edge separation. On the 
other hand, if the number of core filaments is 4 or more, 
it is difficult to implement a side-by-side arrangement, 
and consequently, enclosed spaces are formed by the 
core filaments, and the rubber penetration is insufficient, 
which leads to separation due to corrosion. 

0014 

Furthermore, [the reason] for which the number of 
sheath filaments is 1 to 4 is that if this [number] is 5 or 
more, belt weight is increased, which increases the 
rolling resistance of the tire and results in inferior 
mileage; furthermore, this hinders penetration of the 
interior of the core by rubber. It may be noted that 
classic examples of cords having a 3 + 1 structure, a 3 
+ 3 structure, and a 3 + 4 structure are shown in FK3S. 
5 to 7. 

0015 

Moreover, giving 1, 2, or 3 of the filaments 1a to 1c a 
waved shape, as shown for the 3 + 2 structures in FIGS. 
8 to 10, is effective in promoting penetration of the 
interior of the core by rubber. Here, it is preferable that 
the waved shape given to the filaments be oriented so 
that the wave rises crosswise to the side-by-side 
direction of the core filaments; specifically, the waved 
shape shown in FIG. 11, wherein wavelength L : 10d to 
14d (d: filament diameter) and wave height H : 1.1d to 
2.0d is recommended. 

0016 

Working Examples 

Various filaments were used to produce steel cords 
having the structures shown in FIG. 1, FIGS. 5 to 7, and 
FIG. 10, as well as in FIGS. 12 to 15, according to the 
specifications shown in Table 1; each of the steel cords 
were incorporated in the belt in the numbers shown in 
this table; and a prototype tire having the structure 
shown in FIG. 4 was produced in a 185/70 R14 size. 
Furthermore, the belts 5 were [arranged] on the carcass 
4 so that the first interior belt ply was positioned with the 
steel cords inclined at an angle of 22° to the left of the 
equatorial plane of the tire, and thereupon the second 
belt ply was positioned with the steel cords inclined at 
an angle of 22° to the right of the equatorial plane of the 
tire. 

0017 

Tires produced in this manner were fitted on a 
suitable rim, inflated to the rated pressure, fitted on a 
passenger vehicle, and driven for 50,000 km on paved 
roads; then, the tire was removed and the length of 
cracks at the belt-edge and the length of cord corrosion 
from cuts were both examined. Furthermore, in terms of 
drivability, each tire was fitted and driven in the same 
driving mode on a special test track, and the feeling 
was evaluated by 3 drivers. This feeling evaluation was 
performed with a maximum score of 10 points, and the 
average value for the 3 drivers was calculated. These 
evaluations and the results of the examination are 
shown together in Table 1 . 

0018 

Table 1 
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Effects of the Invention 

By virtue of the steel cord of this invention, it is possible 
to increase the tensile stiffness of rubber products 
without decreasing durability due to separation at the 
periphery of cords in rubber products, and therefore, by 
using these cords, in particular, in tires, it is possible to 
provide both durability and drivability in the tire. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-sectional view of an inventive cord. 
FIG. 2 is a cross-sectional view of an inventive cord. 
FIG. 3 is a cross-sectional view of an inventive cord. 
FIG. 4 is a cross-sectional view of a tire structure 
suitable for this invention. 

FIG. 5 is a cross-sectional view of an inventive cord. 
FIG 6 is a cross-sectional view of an inventive cord. 
FIG. 7 is a cross-sectional view of an inventive cord. 
FIG 8 is a cross-sectional view of an inventive cord. 
FIG. 9 is a drawing showing a cross-section of an 
inventive cord. 

FIG 10 is a drawing showing a cross-section of an 



cross-section of a 
cross-section of a 
cross-section of a 



inventive cord. 

FIG 11 is a drawing showing the shape of a filament 
FIG. 12 is a drawing showing a cross-section of 
conventional cord. 
FIG. 13 is a drawing showing 
conventional cord. 
FIG. 14 is a drawing showing 
conventional cord. 
FIG. 15 is a drawing showing 
conventional cord. 

Description of the Reference Numerals 

1 . core 

1a. core filament 
1b. core filament 
1c. core filament 

2. sheath 

2a. sheath filament 
2b. sheath filament 

3. bead core 

4. carcass 

5. belt 

6. tread 
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